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Description
BACKGROUND

[0001] Vehicle operators such as aircraft pilots are in-
creasingly dependent on augmented reality vision sys-
tems such as Head-Up Displays (HUDs) and Head Worn
Displays (HUDs) to assist with navigation and other ac-
tivities. HUDs are generally comprised of three compo-
nents, a video generation computer, a projection, or
"Over Head" unit that includes a relay lens assembly,
and a combiner. The combiner is a partially transparent
display that mixes the image from the projection unit with
the real view world, such as the view from a cockpit win-
dow.

[0002] As HUD imagery often involves symbols and/or
images that are overlaid of what the pilot sees through
the cockpit window, it is important that the combiner ac-
curately projects the imagery onto the cockpit window so
that the HUD imagery and the real-world view are aligned
properly. A proper alignment of the combiner may be
determined through a combiner alignment detector
(CAD). Current CADs utilize infrared or near infrared
emitters coupled with detectors that are suffer from low
sensitivity, low directionality awareness, and pollute night
vision imaging systems. Accordingly, it is desirable to
provide combiner alignment solution that is more sensi-
tive and provides better directionality awareness than
conventional approaches without polluting night vision
imagine systems. US 2017/026560 relates to dual mode
imaging. US 4 775 218 relates to a combiner alignment
detector for a head up display system.

SUMMARY

[0003] A system for detecting an alignment of a relay
lens assembly and a combiner of a head-up display is
disclosed. The system includes an illuminated reticle
spatially coupled to the relay lens assembly, wherein a
movement of the relay lens assembly results in a com-
mensurate movement of the illuminated reticle. The sys-
tem further includes an optical sensor spatially coupled
to the combiner or optically coupled to a mirror spatially
coupled to the combiner. The optical sensoris configured
to detect a light pattern emitted from the illuminated ret-
icle. The system includes a control module comprising
one or more processors and a memory. The control mod-
ule is configured to receive an input from the optical sen-
sor. In some embodiments, the control module is config-
ured to determine a position of the combiner relative to
the relay lens assembly based on the received input. The
control module is configured to generate an output based
on a determined position of the combiner relative to the
relay lens assembly.

[0004] In some embodiments of the system, the illumi-
nated reticle is configured to emit light at a wavelength
equal or less than 500 nm.

[0005] In some embodiments of the system, the illumi-
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nated reticle is configured to emit light at a wavelength
ranging from 430 nm to 470 nm.

[0006] In some embodiments of the system, the sys-
tem further comprises the mirror coupled to the combiner,
wherein the mirror is configured to reflect light from the
illuminated reticle to the optical sensor.

[0007] The control module is configured to determine
the distance between the controller and the relay lens
assembly.

[0008] The illuminated reticle comprises a light emit-
ting diode and a diffuser.

[0009] Another system for detecting an alignment of a
relay lens assembly and a combiner of a head-up display
is also disclosed. The system includes an illuminated ret-
icle spatially coupled to the combiner, wherein a move-
ment of the combiner results in a commensurate move-
ment of the illuminated reticle. The system further in-
cludes an optical sensor spatially coupled to the relay
lens assembly combiner or optically coupled to a mirror
spatially coupled to the relay lens assembly. The optical
sensor is configured to detect a light pattern emitted from
the illuminated reticle. The system includes a control
module communicatively coupled to the optical sensor
comprising one or more processors and a memory. The
control sensor is configured to receive an input from the
optical sensor. The control sensor is configured to deter-
mine a position of the combiner relative to the relay lens
assembly based on the received input. The control sen-
sor is configured to generate an output based on a de-
termined position of the combiner relative to the relay
lens assembly.

[0010] In some embodiments of the system, the illumi-
nated reticle is configured to emit light at a wavelength
equal or less than 500 nm.

[0011] In some embodiments of the system, the illumi-
nated reticle is configured to emit light at a wavelength
ranging from 430 nm to 470 nm.

[0012] In some embodiments of the system, the sys-
tem further includes the mirror coupled to the combiner,
wherein the mirror is configured to reflect light from the
illuminated reticle to the optical sensor.

[0013] The control module is configured to determine
the distance between the controller and the relay lens
assembly.

[0014] The illuminated reticle comprises a light emit-
ting diode and a diffuser.

[0015] Insome embodiments of the system, the optical
sensor is configured as a camera.

[0016] In some embodiments of the system, the sys-
tem is configured to participate in a feedback loop with
the head-up display, wherein the control module is further
configured to receive position data of at least one of the
relay lens assembly, the combiner, or an emission of a
flight information signal, wherein the feedback loop is
configured to reduce jitter in the head-up display.
[0017] This Summary is provided solely as an intro-
duction to subject matter that is fully described in the
Detailed Description and Drawings. The Summary
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should not be considered to describe essential features
nor be used to determine the scope of the Claims. More-
over, it is to be understood that both the foregoing Sum-
mary and the following Detailed Description are example
and explanatory only and are not necessarily restrictive
of the subject matter claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The detailed description is described with ref-
erence to the accompanying figures. The use of the same
reference numbers in different instances in the descrip-
tion and the figures may indicate similar or identical items.
Various embodiments or examples ("examples") of the
present disclosure are disclosed in the following detailed
description and the accompanying drawings. The draw-
ings are not necessarily to scale. In general, operations
of disclosed processes may be performed in an arbitrary
order, unless otherwise provided in the claims. In the
drawings:

FIG. 1 illustrates a diagram of combiner alignment
detector (CAD) system configured to detect the sta-
tus of an optical alignment between a combiner and
a relay lens assembly of a head up display (HUD),
in accordance with one or more embodiments of this
disclosure;

FIG. 2 illustrates a diagram of CAD system config-
ured to detect the status of an optical alignment be-
tween a combiner and a relay lens assembly of a
HUD using a mirror, in accordance with one or more
embodiments of this disclosure;

FIG. 3 illustrates a diagram of CAD system config-
ured to detect the status of an optical alignment be-
tween a combiner and a relay lens assembly of a
HUD, in accordance with one or more embodiments
of this disclosure;

. FIG. 4 illustrates a diagram of CAD system config-
ured to detect the status of an optical alignment be-
tween a combiner and a relay lens assembly of a
HUD, in accordance with one or more embodiments
of this disclosure;

FIG. 5 illustrates a diagram of CAD system config-
ured to detect the status of an optical alignment be-
tween a combiner and a relay lens assembly of a
HUD using a mirror, in accordance with one or more
embodiments of this disclosure; and

FIG. 6 is a block diagram of a CAD system commu-
nicatively coupled to an HUD control module, in ac-
cordance with one or more embodiments of the dis-
closure.
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DETAILED DESCRIPTION

[0019] Before explaining one or more embodiments of
the disclosure in detail, it is to be understood that the
embodiments are not limited in their application to the
details of construction and the arrangement of the com-
ponents or steps or methodologies set forth in the follow-
ing description or illustrated in the drawings. In the fol-
lowing detailed description of embodiments, numerous
specific details may be set forth in order to provide a more
thorough understanding of the disclosure. However, it
will be apparent to one of ordinary skill in the art having
the benefit of the instant disclosure that the embodiments
disclosed herein may be practiced without some of these
specific details. In other instances, well-known features
may not be described in detail to avoid unnecessarily
complicating the instant disclosure.

[0020] As used herein a letter following a reference
numeral is intended to reference an embodiment of the
feature or elementthatmay be similar, but not necessarily
identical, to a previously described element or feature
bearing the same reference numeral (e.g., 1, 1a, 1b).
Such shorthand notations are used for purposes of con-
venience only and should not be construed to limit the
disclosure in any way unless expressly stated to the con-
trary.

[0021] Further, unless expressly stated to the contrary,
"or" refers to an inclusive or and not to an exclusive or.
For example, a condition A or B is satisfied by anyone of
the following: A is true (or present) and B is false (or not
present), A is false (or not present) and B is true (or
present), and both A and B are true (or present).
[0022] In addition, use of "a" or "an" may be employed
to describe elements and components of embodiments
disclosed herein. This is done merely for convenience
and "a"and "an" are intended to include "one" or "at least
one," and the singular also includes the plural unless it
is obvious that it is meant otherwise.

[0023] Finally, as used herein any reference to "one
embodiment” or "some embodiments" means that a par-
ticular element, feature, structure, or characteristic de-
scribed in connection with the embodiment is included in
at least one embodiment disclosed herein. The appear-
ances of the phrase "in some embodiments" in various
places in the specification are not necessarily all referring
to the same embodiment, and embodiments may include
one or more of the features expressly described or in-
herently present herein, or any combination of sub-com-
bination of two or more such features, along with any
other features which may not necessarily be expressly
described or inherently present in the instant disclosure.
[0024] A system for detecting an alignment of a relay
lens assembly and a combiner is disclosed. Specifically,
a system for detecting the alignment of a relay lens as-
sembly of an overhead unit of a head-up display is dis-
closed. The system includes an illuminated reticle that is
fixed to a position relative to either the relay lens assem-
bly or the combiner, and a sensor (e.g., camera) that can
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detect thereticle. The sensor is fixed to a position relative
to therelay lens assembly or the combiner thatis opposite
of that of the illuminated reticle (e.g., the illuminated ret-
icle and the sensor are fixed to different components).
The sensoris communicatively coupled to a control mod-
ule configured to determine whether the combiner is con-
figured within the correct orientation relative to the relay
lens assembly.

[0025] FIG. 1 illustrates a combiner alignment detec-
tion (CAD) system 100 configured to detect the status of
an optical alignment between a combiner 104 and arelay
lens assembly 108 of a head up display (HUD), in ac-
cordance with one or more embodiments of this disclo-
sure. The HUD includes the combiner 104 and the relay
lens assembly 108. When in use, the relay lens assembly
108 transmits flight information 112 (e.g., a flight infor-
mation signal in the form of images, text, icons) to the
combiner 104, where the combiner 104 mixes (e.g., com-
bines) the information with a real-world view, such as a
view from a cockpit window 116. The HUD enables a
pilot 120 to efficiently receive the flight information 112
needed for operating the aircraft. The CAD system 100
may be configured as a stand-alone system apart of the
HUD, or may have one or more components combined
with the HUD.

[0026] In some embodiments, the components of the
HUD, including the relay lens assembly 108 are firmly
installed and aligned to the aircraft using attachment
bushings or hardpoints aligning to the aircraft boresight.
Because of this, the relay lens assembly 108, as well as
other components of the HUD, may be regarded as spa-
tially coupled to the aircraft. That is, when the aircraft
moves or suddenly shifts, the relay lens assembly 108
retains the same relative position within the aircraft. In
contrast, the combiner 104 is often installed in a config-
uration that allows the combiner 104 to be moved from
the view of the pilot 120 during specific aircraft tasks,
emergencies, or accidents (e.g., to prevent head inju-
ries). Therefore, the combiner, not being as rigidly at-
tached to the hardpoints on the aircraft, moves consid-
erably in relation to the aircraft as compared to the relay
lens assembly, necessitating the need for the CAD sys-
tem 100.

[0027] Insome embodiments, the CAD system 100 in-
cludes a sensor 124 and areticle 128 (e.g., anilluminated
reticle), wherein the sensor 124 is configured to detect a
reticle signal 132 emitted from the reticle 128. For exam-
ple, the reticle 128 may be configured to emit electro-
magnetic radiation. For instance, the reticle may be con-
figured to emit light, such as light that does not interfere
with a night vision imaging system (NVIS). The sensor
124 correspondingly may be configured to detect any
electromagnetic energy emitted from the reticle 128 in-
cluding light, such as light that does not interfere with
NVIS. The electromagnetic energy emitted of the reticle
128 may be controlled by any electrical system external
orinternal to the CAD system 100. For example, the CAD
system 100 may supply the power for the reticle 128
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and/or control the intensity of the electromagnetic energy
emitted from the reticle 128. In another example, the pow-
er and/or control of the electromagnetic energy of the
reticle 128 may be supplied by a circuit isolated from the
CAD system 100, such as the generally lighting circuitry
of the vehicle.

[0028] For reticles 128 configured to emit visible light
or near-visible light (e.g., infrared light or ultraviolet light),
the light source associated with the reticle 128 may in-
clude any type of light source including but not limited to
light-emitting diodes (LEDs), incandescent bulbs, fluo-
rescent lamps (e.g., compact fluorescent lamps), halo-
gen lamps, or lasers. For example, the light source as-
sociated with the reticle 128 may be configured as a blue
LED. The reticle 128 further includes a diffuser config-
ured to diffuse light. For example, the reticle may be con-
figured as an LED optically coupled to a diffuser.
[0029] The reticle 128 may be configured to emit light
of any one or more wavelengths. The reticle 128 may
also be configured to emit light (e.g., an illuminating ret-
icle 128) of any one or more or ranges of wave lengths
including but not limited to light within a range of 400 nM
to 525 nm, within a range of 425 nm to 500 nm, within a
range of 450 nm to 475 nm, within a range of 500 nm to
550 nm, and within a range from 400 nm to 450 nm. For
example, the reticle 128 may be configured to emit a light
of approximately 425 nm. As mentioned above, the use
of short wavelength (e.g., blue or near UV) light decreas-
es the interference with NVIS systems. For example, the
reticle may be configured to ensure compliance with MIL-
STD-3009 for both NVIS Class B and Class C require-
ments. Associated document MIL-STD-3009.pdf entitled
"Department of Defense Interface Standard: Lighting,
Aircraft, Night Vision Imaging System (NVIS) Compati-
ble" published by the United States Department of De-
fense has been incorporated by reference in its entirety.
For instance, FIG. C-6 (pg. 62) of document MIL-STD-
3009.pdf provides spectral transmission requirements
for a Class C NVIS objective lens by which the reticle
128 used within the Class C NVIS system would be re-
quired to emit at a compatible wavelength or set of wave-
lengths. In another instance, Table Il to llIA (pg. 12-15)
of MIL-STD-3009.pdf provide chromaticity and radiance
requirements for Class B NVIS systems by which the
reticle 128 used within the Class C NVIS system would
be required to emit at a compatible wavelength and/or
radiance.

[0030] The reticle 128 may emit any pattern or shape
of electromagnetic energy. For example, the reticle 128
may be configured to emit a light pattern that includes
one or more dots. For instance, the light pattern for the
reticle 128 may be configured as a set of dots having
different sizes and arranged in a symmetrical pattern.
The light pattern is configured so that, once detected by
the sensor 124, the CAD system 100 may recognize the
light pattern and determine the X,Z position of the reticle
128 relative to the position of the sensor 124. The CAM
system 100 is configured to determine the distance from



7 EP 4 067 975 B1 8

the sensor 124 to the reticle 128 based on the dispersion
of the light from the reticle 128, as the dispersion of light
from the reticle 128 increases as the distance between
the reticle and the sensor 124 increases.

[0031] The sensor 124 may be configured as any de-
vice configured to detect electromagnetic energy from
the reticle 128. For example, the sensor 124 may be con-
figured as an optical sensor configured with one or more
photo-sensitive devices including but not limited to pho-
toresistors, phototransistors, and photodiodes. For in-
stance, the sensor 124 may be configured as a camera.
In particular, the sensor 124 may be configured as a dig-
ital camera capable of converting a captured image into
an electric signal.

[0032] In some embodiments, the reticle 128 is cou-
pled directly or indirectly to the relay lens assembly 108,
with the sensor 124 coupled directly or indirectly to the
combiner 104. For example, the reticle 128 may be di-
rectly attached to a housing that houses the relay lens
assembly 108, and the sensor 124 may be directly at-
tached to the combiner. The sensor 124 detects light
emitted from the reticle 128, resulting in an electrical sig-
nal thatis sentfrom the sensor 124 for processing. There-
fore, in this configuration of the CAD system 100, the
reticle 128 is spatially coupled to the relay lens assembly
108 (e.g., a movement of the relay lens assembly results
in a commensurate movement of the illuminated reticle),
and the sensor 124 is spatially coupled to the combiner
104, allowing the CAD system 300 to accurately deter-
mine the position of the combiner 104 relative to the relay
lens assembly 108 based on the input received from the
sensor 124.

[0033] The reticle 128 and the sensor 124 may be ar-
ranged at any distance from each other or at any range
of distance from each. For example, the reticle 128 and
the sensor 124 may be positioned 5 to 10 cm from each
other. In another example, the reticle 128 and the sensor
124 may be positioned 10 to 20 cm from each other. In
another example, the reticle 128 and the sensor 124 may
be positioned 20 to 40 cm from each other. For instance,
the reticle 128 and the sensor 124 may be positioned
approximately 38 cm from each other. In another exam-
ple, the reticle 128 and the sensor 124 may be positioned
40 to 80 cm from each other.

[0034] FIG. 2illustrates a CAD system 200 configured
to detect the status of an optical alignment between the
combiner 104 and the relay lens assembly 108 of a HUD,
in accordance with one or more embodiments of this dis-
closure. The CAD system 200 includes one or more, or
all the components of the CAD system 100, and vice-
versa. In some embodiments, the CAD system 200 in-
cludes a mirror 204 coupled to combiner 104 and con-
figured to reflect the reticle signal 132 from the reticle
128 to the sensor 124. (e.g., the mirror 204 is optically
coupled to the sensor 124). For example, the reticle 128
may be directly or indirectly coupled to the relay lens
assembly 108, the sensor 124 may be directly or indi-
rectly coupled to the relay lens assembly 108, and the
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mirror reflects light emitted from the reticle 128 to the
sensor 124, resulting in an electrical signal that is sent
from the sensor 124 for processing. Therefore, in this
configuration of the CAD system 200, the reticle 128 is
spatially coupled to the relay lens assembly 108, the mir-
ror is spatially coupled to the combiner 104, and the sen-
sor 124 is spatially coupled to the relay lens assembly
108 as well as optically coupled to the mirror 204), allow-
ing the CAD system 200 to accurately determine the po-
sition of the combiner 104 relative to the relay lens as-
sembly 108 based on the input received from the sensor
124,

[0035] FIG. 3illustrates a CAD system 300 configured
to detect the status of an optical alignment between the
combiner 104 and the relay lens assembly 108 of a HUD,
in accordance with one or more embodiments of this dis-
closure. The CAD system 300 includes one or more, or
all the components of the CAD system 100, 200, and
vice-versa. In some embodiments, the CAD system 300
includes one or more bushings 304a-c attached to the
aircraft frame 308 that are configured to firmly couple,
directly or indirectly, the HUD, components of the HUD
(e.g., bushings 304 a,b for the relay lens assembly 108),
and the sensor 124 (e.g., bushings 304c) to the aircraft
frame 308. The attachment of the bushings 304a-c di-
rectly or indirectly to the relay lens assembly 108 and the
sensor 124 ensure that the relay lens assembly 108 and
the sensor 124 are spatially coupled to each other, even
if the relay lens assembly 108 and the sensor 124 are
not immediately adjacent to each other. In the CAD sys-
tem 300, the reticle 128 is coupled to the combiner 104,
and is configured to emit the reticle signal 132 arelatively
short distance to the sensor 124. Therefore, in this con-
figuration of the CAD system 300, the sensor 124 is spa-
tially coupled to the relay lens assembly 108, and the
reticle 128 is spatially coupled to the combiner 104, al-
lowing the CAD system 300 to accurately determine the
position of the combiner 104 relative to the relay lens
assembly 108 based on the input received from the sen-
sor 124.

[0036] FIG. 4 illustrates a CAD system 400 configured
to detect the status of an optical alignment between the
combiner 104 and the relay lens assembly 108 of a HUD,
in accordance with one or more embodiments of this dis-
closure. The CAD system 400 includes one or more, or
all of the components of the CAD system 100, 200, 300,
and vice-versa. In some embodiments, the sensor 124
of the CAD system 300 is directly or indirectly attached,
positioned adjacent to, and spatially coupled to, the relay
lens assembly. For example, the relay lens assembly 108
may be attached directly or indirectly to the aircraft frame
308 (e.g., via bushings 304a,b) while the sensor 124 is
coupled directly or indirectly to the relay lens assembly
108 (e.g., the sensor 124 relies on the same bushings
304 a,b for coupling to the aircraft frame 308, which also
assist in spatially coupling the relay lens assembly 108
to the sensor 124. The reticle 128 of the CAD system
400 is spatially coupled to the combiner 104 (e.g., a
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movement of the combiner results in a commensurate
movement of the illuminated reticle), and configured to
emit a reticle signal 132 to the sensor 124. Therefore, in
this configuration of the CAD system 400, the sensor is
124 spatially coupled to the relay assembly 108, and the
reticle 128 is spatially coupled to the combiner 104, al-
lowing the CAD system 400 to accurately determine the
position of the combiner 104 relative to the relay lens
assembly 108 based on the input received from the sen-
sor 124.

[0037] FIG. 5illustrates a CAD system 500 configured
to detect the status of an optical alignment between the
combiner 104 and the relay lens assembly of a HUD, in
accordance with one or more embodiments of this dis-
closure. The CAD system 500 includes one or more, or
all of the components of the CAD system 100, 200, 300,
400, and vice-versa. In some embodiments, the CAD
system 500 includes the mirror 204, which is directly or
indirectly coupled to the relay lens assembly 108 or the
aircraft frame 308, the sensor 124 and the relay lens as-
sembly 108 is directly or indirectly coupled to the aircraft
frame 308. Thereticle 128 is spatially coupled to the com-
biner 104, and is configured to emit the reticle signal 132
toward the mirror 204, which is then reflected to the sen-
sor. Therefore, in this configuration of the CAD system
500, the sensor 124 is spatially coupled to the relay as-
sembly 108, and the reticle 128 is spatially coupled to
the combiner 104, allowing the CAD system 500 to ac-
curately determine the position of the combiner 104 rel-
ative to the relay lens assembly 108 based on the input
received from the sensor 124.

[0038] It should be understood that the CAD systems
100, 200, 300, 400, 500 may include any number or ar-
rangement of components that are associated with the
emission of the reticle signal 132 by the reticle 128 and
the reception of the reticle signal 132 by the sensor 124
provided that the position of the combiner 104 can be
determined relative to the relay lens assembly 108.
Therefore, the above description should not be interpret-
ed as a limitation of the present disclosure, but merely
an illustration.

[0039] FIG. 6is a block diagram of a CAD system 600
communicatively coupled to an HUD control module 604,
in accordance with one or more embodiments of the dis-
closure. The HUD control module 604 is configured as
one of the one or more processing units for the HUD 605,
which also includes the combiner 104 and an overhead
unit 606 containing the relay lens assembly 108. The
CAD system 600 may be configured as a stand-alone
system apart from the HUD 605 or may have one or more
components combined with the HUD 605.

[0040] The CAD system 600 includes one or more, or
all of the components of the CAD system 100, 200, 300,
400, 500 and vice-versa (e.g., CAD system 100, 200,
300, 400, 500 may have one or more, or all of the com-
ponents of the CAD system 600). The CAD system 600
includes a control module 608 configured to receive input
from the sensor 124, determine a position based on the
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combiner 104 relative to the relay lens assembly 108
based on the received input, and generate an output
based on a determined position of the a, b combiner 104
relative to the relay lens assembly 108. Once generated,
the output is transmitted to the HUD control module 604.
The HUD control module 604 may then determine wheth-
er the signal emitted from the relay lens assembly 108
should be adjusted based on the output, whether the po-
sition of the combiner should be adjusted based on the
output, or both.

[0041] In some embodiments, the control module 608
includes a controller 612 that includes one or more proc-
essors 616, a memory 620, and a communication inter-
face 624. The controller 612 is configured to provide
processing functionality for at least the control module
608 and includes the one or more processors 616 (e.g.,
microcontrollers, circuitry, field programmable gate array
(FPGA), central processing units (CPU), application-spe-
cific integrated circuit (ASIC), or other processing sys-
tems), and resident or external memory 620 for storing
data, executable code, and other information. The con-
troller 612 can execute one or more software programs
embodied in a non-transitory computer readable medium
(e.g., memory 620) thatimplement techniques described
herein. The controller 612 is not limited by the materials
from which it is formed or the processing mechanisms
employed therein and, as such, can be implemented via
semiconductor(s)and/or transistors (e.g., using electron-
ic integrated circuit (IC) components), and so forth.
[0042] The memory 620 can be anexample oftangible,
computer-readable storage medium that provides stor-
age functionality to store various data and/or program
code associated with operation of the controller 612, such
as software programs and/or code segments, or other
data to instruct the controller 612, and possibly other
components of the control module 608, to perform the
functionality described herein. Thus, the memory 620 can
store data, such as a program of instructions for operating
the control module 608, including its components (e.g.,
controller 612, communication interface 624, etc.), and
so forth. The memory 620 may also store data derived
from the sensor 124. It should be noted that while a single
memory 620 is described, a wide variety of types and
combinations of memory 620 (e.g., tangible, non-transi-
tory memory) can be employed. The memory 620 may
be integral with the controller 612, may comprise stand-
alone memory, or may be a combination of both. Some
examples of the memory 620 may include removable and
non-removable memory components, such as random-
access memory (RAM), read-only memory (ROM), flash
memory (e.g., a secure digital (SD) memory card, a mini-
SD memory card, and/or a micro-SD memory card), sol-
id-state drive (SSD) memory, magnetic memory, optical
memory, universal serial bus (USB) memory devices,
hard disk memory, external memory, and so forth.
[0043] The communication interface 624 may be op-
eratively configured to communicate with components of
the control module 608 and the system 500. Forexample,
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the communication interface 624 can be configured to
retrieve data from the controller 612 or other compo-
nents, transmit data for storage in the memory 620, re-
trieve data from storage in the memory 620, and so forth.
The communication interface 624 can also be commu-
nicatively coupled with the controller 612 to facilitate data
transfer between components of the control module 608
and the controller 612. It should be noted that while the
communication interface 624 is described as a compo-
nent of the control module 608, one or more components
of the communication interface 624 can be implemented
as external components communicatively coupled to the
control module 608 via a wired and/or wireless connec-
tion. The control module 608 can also include and/or con-
nect to one or more input/output (1/0) devices. In embod-
iments, the communication interface 624 includes or is
coupled to a transmitter, receiver, transceiver, physical
connection interface, or any combination thereof.
[0044] In some embodiments, the CAD system 600 is
configured to reduce the effects of jitter within the HUD
605. For example, a pilot flying an aircraft through turbu-
lence without a CAD system may notice a "jitter" on the
display, where the displayed images and symbology jit-
ters or jumps around compared to the real-world view.
The CAD system 600 may, through communication with
the HUD control module or other componentry that con-
trols the direction of emission of the flight information 112
through the relay lens assembly 108, the position of the
relay lens assembly 108, or the position of the combiner
104), activate a feedback loop, enabling the HUD display
to reposition or scale its image so that it compensated
for the observed jitter. This feedback loop may require
that the CAD system 600 is configured to receive infor-
mation regarding the direction of emission of the flight
information 112 through the relay lens assembly 108, the
position of the relay lens assembly 108, or the position
of the combiner 104 in real time.

[0045] It is to be understood that embodiments of the
methods disclosed herein may include one or more of
the steps described herein. Further, such steps may be
carried out in any desired order and two or more of the
steps may be carried out simultaneously with one anoth-
er. Two or more of the steps disclosed herein may be
combined in a single step, and in some embodiments,
one or more of the steps may be carried out as two or
more sub-steps. Further, other steps or sub-steps may
be carried in addition to, or as substitutes to one or more
of the steps disclosed herein.

[0046] Although inventive concepts have been de-
scribed with reference to the embodiments illustrated in
the attached drawing figures, equivalents may be em-
ployed and substitutions made herein without departing
from the scope of the claims. Components illustrated and
described herein are merely examples of a system/de-
vice and components that may be used to implement
embodiments of the inventive concepts and may be re-
placed with other devices and components without de-
parting from the scope of the claims. Furthermore, any
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dimensions, degrees, and/or numerical ranges provided
herein are to be understood as non-limiting examples
unless otherwise specified in the claims.

Claims
1. A system (100) comprising:
a head-up display (605) comprising:

an overhead unit (606) comprising a relay
lens assembly (108); and
a combiner (104);

an illuminated reticle (128) spatially coupled to
the relay lens assembly (108), wherein a move-
ment of the relay lens assembly (108) results in
a commensurate movement of the illuminated
reticle (128), wherein the illuminated reticle
(128) comprises a light emitting diode and a dif-
fuser, wherein the illuminated reticle is config-
ured to emit a light pattern;

an optical sensor (124) spatially coupled to the
combiner (104) or optically coupled to a mirror
(204) spatially coupled to the combiner (104),
wherein the optical sensor (124) is configured
to detect the light pattern emitted from the illu-
minated reticle (128); and

a control module (604) comprising one or more
processors and a memory, wherein the control
module is configured to:

receive an input from the optical sensor
(124);

determine a position of the combiner (104)
relative to the relay lens assembly (108)
based on the received input; and

generate an output based on a determined
position of the combiner (104) relative to the
relay lens assembly (108);

characterized in that the system is configured
to:

recognize the light pattern and determine
an X, Z position of the reticle relative to the
position of the sensor; and

determine a distance from the sensor to the
reticle based on a dispersion of the light pat-
tern from the reticle.

2. Thesystemofclaim 1, wherein the illuminated reticle
(128) is configured to emitlight ata wavelength equal
or less than 500 nm.

3. The system of claim 1 or 2, wherein the illuminated
reticle (128) is configured to emit light at a wave-
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length ranging from 430 nm to 470 nm.

The system of any preceding claim, further compris-
ing the mirror (204) coupled to the combiner (104)
configured to reflect light from the illuminated reticle
(128) to the optical sensor (124).

The system of any preceding claim, wherein the con-
trol module (604) is configured to determine a dis-
tance between the controller and the relay lens as-
sembly (108).

The system of any preceding claim, wherein the il-
luminated reticle (128) is coupled directly to the relay
lens assembly (108), wherein the optical sensor
(124) is coupled directly to the combiner (104).

The system of any preceding claim, wherein the op-
tical sensor (124) is configured as a camera.

A system (400) comprising:
a head-up display (605) comprising:

an overhead unit (606) comprising a relay
lens assembly (108); and
a combiner (104);

an illuminated reticle (128) spatially coupled to
the combiner (104), wherein a movement of the
combiner (104) results in a commensurate
movement of the illuminated reticle (128),
wherein the illuminated reticle (128) comprises
a light emitting diode and a diffuser, wherein the
illuminated reticle is configured to emit a light
pattern;

an optical sensor (124) spatially coupled to the
relay lens assembly (108) or optically coupled
to a mirror (204) spatially coupled to the relay
lens assembly (108), wherein the optical sensor
(124) is configured to detect the light pattern
emitted from the illuminated reticle (128); and
a control module (604) communicatively cou-
pled to the optical sensor comprising one or
more processors and a memory, wherein the
control module is configured to:

receive an input from the optical sensor
(124);

determine a position of the combiner (104)
relative to the relay lens assembly (108)
based on the received input; and

generate an output based on a determined
position of the combiner (104) relative to the
relay lens assembly (108);

characterized in that the system is configured
to:
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recognize the light pattern and determine
an X, Z position of the reticle relative to the
position of the sensor; and

determine a distance from the sensor to the
reticle based on a dispersion of the light pat-
tern from the reticle.

The system of claim 8, wherein the system is con-
figured to participate in a feedback loop with the
head-up display, wherein the control module (604)
is further configured to receive position data of at
least one of the relay lens assembly (108), the com-
biner (104), or an emission of a flight information
signal, wherein the feedback loop is configured to
reduce jitter in the head-up display.

The system of claim 8 or 9, wherein the illuminated
reticle (128) is configured to emit light at a wave-
length equal or less than 500 nm.

The system of any of claims 8-10, wherein the illu-
minated reticle (128) is configured to emit light at a
wavelength ranging from 430 nm to 470 nm.

The system of any of claims 8-11, further comprising
the mirror (204) coupled to the combiner configured
to reflect light from the illuminated reticle to the op-
tical sensor (124).

The system of any of claims 8-12, wherein the control
module (604) is configured to determine a distance
between the controller and the relay lens assembly.

The system of any of claims 8-13, wherein the illu-
minated reticle (128) is coupled directly to the com-
biner (104); wherein the optical sensor (124) is cou-
pled directly to the relay lens assembly (108).

The system of any of claims 8-14, wherein the optical
sensor (124) is configured as a camera.

Patentanspriiche

1.

System (100), umfassend:
ein Head-Up-Display (605), umfassend:

eine Uberkopfeinheit (606), die eine Relaislin-
senbaugruppe (108) umfasst; und

einen Kombinator (104);

ein beleuchtetes Fadenkreuz (128), das raum-
lich an die Relaislinsenbaugruppe (108) gekop-
peltist, wobei eine Bewegung der Relaislinsen-
baugruppe (108) zu einer entsprechenden Be-
wegung des beleuchteten Fadenkreuzes (128)
fuhrt, wobei das beleuchtete Fadenkreuz (128)
eine Leuchtdiode und einen Diffusor umfasst,
wobei das beleuchtete Fadenkreuz dazu konfi-
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guriert ist,

ein Lichtmuster zu emittieren;

einen optischen Sensor (124), der rdumlich an
den Kombinator (104) gekoppelt oder optisch
an einen Spiegel (204) gekoppelt ist, der rdum-
lich an den Kombinator (104) gekoppelt ist, wo-
bei der optische Sensor (124) dazu konfiguriert
ist, das von dem beleuchteten Fadenkreuz (128)
emittierte Lichtmuster zu detektieren; und

ein Steuermodul (604 ), das einen oder mehrere
Prozessoren und

einen Speicher umfasst, wobei das Steuermo-
dul zu Folgendem konfiguriert ist:

Empfangen einer Eingabe von dem opti-
schen Sensor (124);

Bestimmen einer Position des Kombinators
(104) relativ zu der Relaislinsenbaugruppe
(108) basierend auf der empfangenen Ein-
gabe; und

Generieren einer Ausgabe basierend auf ei-
ner bestimmten Position des Kombinators
(104) relativ zu der Relaislinsenbaugruppe
(108);

dadurch gekennzeichnet, dass das Sys-
tem zu Folgendem konfiguriert ist:

Erkennen des Lichtmusters und Be-
stimmen einer X-, Z-Position des Fa-
denkreuzes relativ zu der Position des
Sensors; und

Bestimmen eines Abstands von dem
Sensor zu dem Fadenkreuz basierend
auf einer Streuung des Lichtmusters
von dem Fadenkreuz.

System nach Anspruch 1, wobei das beleuchtete Fa-
denkreuz (128) dazu konfiguriert ist, Licht mit einer
Wellenlange von 500 nm oder weniger zu emittieren.

System nach Anspruch 1 oder 2, wobei das beleuch-
tete Fadenkreuz (128) dazu konfiguriert ist, Licht mit
einer Wellenlange im Bereich von 430 nm bis 470
nm zu emittieren.

System nach einem der vorhergehenden Anspri-
che, ferner umfassend den an den Kombinator (104)
gekoppelten Spiegel (204), der dazu konfiguriert ist,
Licht von dem beleuchteten Fadenkreuz (128) zu
dem optischen Sensor (124) zu reflektieren.

System nach einem der vorhergehenden Anspri-
che, wobei das Steuermodul (604) dazu konfiguriert
ist, einen Abstand zwischen der Steuerung und der
Relaislinsenbaugruppe (108) zu bestimmen.

System nach einem der vorhergehenden Anspri-
che, wobei das beleuchtete Fadenkreuz (128) direkt
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an die Relaislinsenbaugruppe (108) gekoppelt ist,
wobei der optische Sensor (124) direkt an den Kom-
binator (104) gekoppelt ist.

System nach einem der vorhergehenden Anspri-
che, wobei der optische Sensor (124) als Kamera
konfiguriert ist.

System (400), umfassend:
ein Head-Up-Display (605), umfassend:

eine Uberkopfeinheit (606), die eine Relaislin-
senbaugruppe (108) umfasst; und

einen Kombinator (104);

ein beleuchtetes Fadenkreuz (128), das raum-
lich an den Kombinator (104) gekoppelt ist, wo-
bei eine Bewegung des Kombinators (104) zu
einer entsprechenden Bewegung des beleuch-
teten Fadenkreuzes (128) fiihrt, wobei das be-
leuchtete Fadenkreuz (128) eine Leuchtdiode
und einen Diffusor umfasst,

wobei das beleuchtete Fadenkreuz dazu konfi-
guriert ist, ein Lichtmuster zu emittieren;

einen optischen Sensor (124), der raumlich an
die Relaislinsenbaugruppe (108) gekoppelt
oder optisch an einen Spiegel (204) gekoppelt
ist, der raumlich an die Relaislinsenbaugruppe
(108) gekoppelt ist, wobei der optische Sensor
(124) dazu konfiguriert ist, das von dem be-
leuchteten Fadenkreuz (128) emittierte Licht-
muster zu detektieren; und

ein Steuermodul (604), das kommunikativ an
den optischen Sensor gekoppelt ist und einen
oder mehrere Prozessoren und einen Speicher
umfasst, wobei das Steuermodul zu Folgendem
konfiguriert ist:

Empfangen einer Eingabe von dem opti-
schen Sensor (124);

Bestimmen einer Position des Kombinators
(104) relativ zu der Relaislinsenbaugruppe
(108) basierend auf der empfangenen Ein-
gabe; und

Generieren einer Ausgabe basierend aufei-
ner bestimmten Position des Kombinators
(104) relativ zu der Relaislinsenbaugruppe
(108);

dadurch gekennzeichnet, dass das Sys-
tem zu Folgendem konfiguriert ist:

Erkennen des Lichtmusters und Be-
stimmen einer X-, Z-Position des Fa-
denkreuzes relativ zu der Position des
Sensors; und

Bestimmen eines Abstands von dem
Sensor zu dem Fadenkreuz basierend
auf einer Streuung des Lichtmusters
von dem Fadenkreuz.
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System nach Anspruch 8, wobei das System dazu
konfiguriert ist, an einer Rickkopplungsschleife mit
dem Head-up-Display teilzunehmen, wobei das
Steuermodul (604) ferner dazu konfiguriert ist, Po-
sitionsdaten von mindestens einem von der Relais-
linsenbaugruppe (108), dem Kombinator (104) oder
einer Emission eines Fluginformationssignals zu
empfangen, wobei die Rickkopplungsschleife dazu
konfiguriert ist, Jitter in dem Head-up-Display zu re-
duzieren.

System nach Anspruch 8 oder 9, wobei das beleuch-
tete Fadenkreuz (128) dazu konfiguriert ist, Licht mit
einer Wellenlange von 500 nm oder weniger zu emit-
tieren.

System nach einem der Anspriiche 8-10, wobei das
beleuchtete Fadenkreuz (128) dazu konfiguriert ist,
Licht mit einer Wellenlange im Bereich von 430 nm
bis 470 nm zu emittieren.

System nach einem der Anspriiche 8-11, ferner um-
fassend den an den Kombinator gekoppelten Spie-
gel (204), der dazu konfiguriert ist, Licht von dem
beleuchteten Fadenkreuz zu dem optischen Sensor
(124) zu reflektieren.

System nach einem der Anspriiche 8-12, wobei das
Steuermodul (604) dazu konfiguriert ist, einen Ab-
stand zwischen der Steuerung und der Relaislinsen-
baugruppe zu bestimmen.

System nach einem der Anspriiche 8-13, wobei das
beleuchtete Fadenkreuz (128) direkt an den Kombi-
nator (104) gekoppelt ist; wobei der optische Sensor
(124) direkt an die Relaislinsenbaugruppe (108) ge-
koppelt ist.

System nach einem der Anspriiche 8-14, wobei der
optische Sensor (124) als Kamera konfiguriert ist.

Revendications

1.

Systeme (100), comprenant :
un affichage téte haute (605) comprenant :

une unité supérieure (606) comprenant un en-
semble de lentilles relais (108) ; et

un combinateur (104) ;

un réticule éclairé (128) couplé spatialement a
'ensemble de lentilles de relais (108), dans le-
quel un mouvement de I'ensemble de lentilles
de relais (108) entraine un mouvement propor-
tionné du réticule éclairé (128), dans lequel le
réticule éclairé (128) comprend une diode élec-
troluminescente et un diffuseur, dans lequel le
réticule éclairé est configuré pour émettre un
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motif lumineux ;

un capteur optique (124) couplé spatialement
au combinateur (104) ou couplé optiquement a
un miroir (204) couplé spatialement au combi-
nateur (104), dans lequel le capteur optique
(124) est configuré pour détecter le motif lumi-
neux émis par le réticule éclairé (128) ; et

un module de commande (604) comprenant un
ou plusieurs processeurs et une mémoire, dans
lequel le module de commande est configuré
pour :

recevoir une entrée du capteur optique
(124);

déterminer une position du combinateur
(104) par rapport a I'ensemble lentilles de
relais (108) surla base de I'entrée regue ; et
générerune sortie surlabase d’'une position
déterminée du combinateur (104) par rap-
port a I'ensemble de lentilles de relais
(108) ;

caractérisé en ce que le systeme est con-
figuré pour :

reconnaitre le motif lumineux et déter-
miner une position X, Z du réticule par
rapport a la position du capteur ; et dé-
terminer une distance du capteur au ré-
ticule en fonction d’'une dispersion du
motif lumineux du réticule.

Systeme selon la revendication 1, dans lequel le ré-
ticule éclairé (128) est configuré pour émettre de la
lumiere a une longueur d’'onde égale ou inférieure a
500 nm.

Systeme selon la revendication 1 ou 2, dans lequel
le réticule éclairé (128) est configuré pour émettre
de la lumiére a une longueur d’'onde allant de 430
nm a 470 nm.

Systeme selon une quelconque revendication pré-
cédente, comprenant également le miroir (204) cou-
plé au combinateur (104) configuré pour réfléchir la
lumiere du réticule éclairé (128) au capteur optique
(124).

Systeme selon une quelconque revendication pré-
cédente, dans lequel le module de commande (604)
est configuré pour déterminer une distance entre le
dispositif de commande et 'ensemble de lentilles re-
lais (108).

Systeme selon une quelconque revendication pré-
cédente, dans lequel le réticule éclairé (128) est cou-
plé directement a ’ensemble de lentilles relais (108),
dans lequel le capteur optique (124) est couplé di-
rectement au combinateur (104).
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Systeme selon une quelconque revendication pré-
cédente, dans lequel le capteur optique (124) est
configuré comme une caméra.

Systeme (400) comprenant :
un affichage téte haute (605) comprenant :

une unité supérieure (606) comprenant un en-
semble de lentilles relais (108) ; et

un combinateur (104) ;

un réticule éclairé (128) couplé spatialement au
combinateur (104), dans lequel un mouvement
du combinateur (104) entraine un mouvement
proportionné du réticule éclairé (128), dans le-
quel le réticule éclairé (128) comprend une dio-
de électroluminescente et un diffuseur, dans le-
quelle réticule éclairé est configuré pour émettre
un motif lumineux ;

un capteur optique (124) couplé spatialement a
I'ensemble de lentilles relais (108) ou couplé op-
tiqguement a un miroir (204) couplé spatialement
al’ensemble delentilles relais (108), dans lequel
le capteur optique (124) est configuré pour dé-
tecter le motif lumineux émis par le réticule éclai-
ré (128) ; et

un module de commande (604) couplé de ma-
niere communicative au capteur optique com-
prenant un ou plusieurs processeurs et une mé-
moire, dans lequel le module de commande est
configuré pour :

recevoir une entrée du capteur optique
(124);

déterminer une position du combinateur
(104) par rapport a 'ensemble de lentilles
relais (108) sur labase de I'entrée regue ; et
générer une sortie surlabase d’'une position
déterminée du combinateur (104) par rap-
port a I'ensemble de lentilles de relais
(108);

caractérisé en ce que le systéme est con-
figuré pour :

reconnaitre le motif lumineux et déter-
miner une position X, Z du réticule par
rapport a la position du capteur ; et
déterminer une distance du capteur au
réticule en fonction d’une dispersion du
motif lumineux du réticule.

Systeme selon la revendication 8, dans lequel le sys-
téme est configuré pour participer a une boucle de
rétroaction avec I'affichage téte haute, dans lequel
le module de commande (604) est également con-
figuré pour recevoir des données de position d’au
moins 'un de 'ensemble de lentilles relais (108), du
combinateur (104), ou d’'une émission d’'un signal
d’informations de vol, dans lequel la boucle de ré-
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troaction est configurée pour réduire la gigue dans
I'affichage téte haute.

Systeme selon la revendication 8 ou 9, dans lequel
le réticule éclairé (128) est configuré pour émettre
de la lumiére a une longueur d’onde égale ou infé-
rieure a 500 nm.

Systeme selon I'un quelconque des revendication 8
a 10, dans lequel le réticule éclairé (128) est confi-
guré pour émettre de lalumiéere a une longueur d’on-
de allant de 430 nm a 470 nm.

Systeme selon 'une quelconque des revendications
8a 11, comprenant également le miroir (204) couplé
au combinateur configuré pour réfléchir la lumiéere
du réticule éclairé au capteur optique (124).

Systeme selon 'une quelconque des revendications
8 a 12, dans lequel le module de commande (604)
est configuré pour déterminer une distance entre le
dispositif de commande et 'ensemble de lentilles re-
lais.

Systeme selon 'une quelconque des revendications
8a 13, dans lequelle réticule éclairé (128) est couplé
directement au combinateur (104) ; dans lequel le
capteur optique (124) est couplé directement a I'en-
semble de lentilles relais (108).

Systeme selon 'une quelconque des revendications
8 a 14, dans lequel le capteur optique (124) est con-
figuré comme une caméra.
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